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(54) Method and apparatus for printing 

(57) A printing apparatus is provided. The apparatus 
includes a pressurized source (102a or 102b or 102c) 
of a thermodynamically stable mixture of a fluid and a 
marking material. Portions of a printhead (103) define a 
delivery path (26). which is connected to the pressurized 
source. The printhead includes a discharge device (1 05) 
having an outlet with a portion of the discharge device 
being positioned along the delivery path. The discharge 
device is shaped to produce a shaped beam of the mark- 
ing material. The fluid is in a gaseous slate at a location 
beyond the outlet of the discharge device. An actuating 
mechanism (104) is positioned along the delivery path 
and has an open position at least partially removed from 
the delivery path. 
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Description 

[0001 ] This invention relates generally to printing and 
more particularly, to printing using solvent free materi- 
als. 

[0002] Traditionally digitally controlled printing capa- 
bility is accomplished by one of two technologies. The 
first technology, commonly referred to as "continuous 
stream" or "continuous" ink jet printing, uses a pressu- 
rized ink source which produces a continuous stream of 
ink droplets (typically containing a dye or a mixture of 
dyes). Conventional continuous ink jet printers utilize 
electrostatic charging devices that are placed close to 
the point where a filament of working fluid breaks into 
individual ink droplets. The ink droplets are electrically 
charged and then directed to an appropriate location by 
deflection electrodes having a large potential difference. 
When no print is desired, the ink droplets are deflected 
into an ink capturing mechanism (catcher, interceptor, 
gutter, etc.) and either recycled or disposed of. When 
print is desired, the ink droplets are not deflected and 
allowed to strike a print media. Alternatively, deflected 
ink droplets may be allowed to strike the print media, 
while non-deflected ink droplets are collected in the ink 
capturing mechanism. 

[0003] The second technology, commonly referred to 
as "drop-on-demand" ink jet printing, provides ink drop- 
lets (typically including a dye or a mixture of dyes) for 
impact upon a recording surface using a press urizati on 
actuator (thermal, piezoelectric, etc.). Selective activa- 
tion of the actuator causes the formation and ejection of 
a flying ink droplet that crosses the space between the 
printhead and the print media and strikes the print me- 
dia. The formation of printed images is achieved by con- 
trolling the individual formation of ink droplets, as is re- 
quired to create the desired image. Typically, a slight 
negative pressure within each channel keeps the ink 
from inadvertently escaping through the nozzle, and al- 
so forms a slightly concave meniscus at the nozzle, thus 
helping to keep the nozzle clean. 
[0004] Conventional "drop-on-demand" ink jet print- 
ers utilize a pressurization actuator to produce the ink 
jet droplet at orifices of a print head. Typically, one of 
two types of actuators are used including heat actuators 
and piezoelectric actuators. With heat actuators, a heat- 
er, placed at a convenient location, heats the ink causing 
a quantity of ink to phase change into a gaseous steam 
bubble that raises the internal ink pressure sufficiently 
for an ink droplet to be expelled. With piezoelectric ac- 
tuators, an electric field is applied to a piezoelectric ma- 
terial possessing properties that create a mechanical 
stress in the material causing an ink droplet to be ex- 
pelled. The most commonly produced piezoelectric ma- 
terials are ceramics, such as lead zirconate titanate, 
barium titanate, lead titanate, and lead metaniobate. 
[0005] Conventional ink jet printers are disadvan- 
taged in several ways. For example, in order to achieve 
very high quality images having resolutions approach- 



ing 900 dots per inch while maintaining acceptable print- 
ing speeds, a large number of discharge devices located 
on a printhead need to be frequently actuated thereby 
producing an ink droplet. While the frequency of actua- 
5 tion reduces printhead reliability, it also limits the viscos- 
ity range of the ink used in these printers. Typically, the 
viscosity of the ink is lowered by adding solvents such 
as water, etc. The increased liquid content results in 
slower ink dry times after the ink has been deposited on 
10 the receiver which decreases overall productivity. Addi- 
tionally, increased solvent content can also cause an in- 
crease in ink bleeding during drying which reduces im- 
age sharpness negatively affecting image resolution 
and other image quality metrics. 
*5 [0006] Conventional ink jet printers are also disadvan- 
taged in that the discharge devices of the printheads can 
become partially blocked and/or completely blocked 
with ink. In orderto reduce this problem, solvents, such 
as glycol, glycerol, etc., are added to the ink formulation, 
20 which can adversely affect image quality. Alternatively, 
discharge devices are cleaned at regular intervals in or- 
der to reduce this problem. This increases the complex- 
ity of the printer. 

[0007] Another disadvantage of conventional ink jet 
25 printers is their inability to obtain true grayscale printing. 
Conventional ink jet printers produce gray scale by var- 
ying drop density while maintaining a constant drop size. 
However, the ability to vary drop size is desired in order 
to obtain true gray scale printing. 
30 [0008] Other technologies that deposit a dye onto a 
receiver using gaseous propellants are known. For ex- 
ample, Peetersetal., in U.S. Pat. No. 6,116.718, issued 
September 12, 2000, discloses a print head for use in a 
marking apparatus in which a propellant gas is passed 
35 through a channel, the marking material is introduced 
controllably into the propellant stream to form a ballistic 
aerosol for propelling non-colloidal, solid or semi-solid 
particulate or a liquid, toward a receiver with sufficient 
kinetic energy to fuse the marking material to the receiv- 
40 er. There is a problem with this technology in that the 
marking material and propellant stream are two different 
entities and the propellant is used to impart kinetic en- 
ergy to the marking material. When the marking material 
is added into the propellant stream in the channel, a non- 
45 colloidal ballistic aerosol is formed prior to exiting the 
print head. This non-colloidal ballistic aerosol, which is 
a combination of the marking material and the propel- 
lant, is not thermodynamically stable/metastable. As 
such, the marking material is prone to settling in the pro- 
50 pellant stream which, in turn, can cause marking mate- 
rial agglomeration, leading to nozzle obstruction and 
poor control over marking material deposition. 
[0009] Technologies that use supercritical fluid sol- 
vents to create thin films are also known. For example, 
55 R.D. Smith in U.S. Patent 4,734,227, issued March 29,' 
1 988, discloses a method of depositing solid films or cre- 
ating fine powders through the dissolution of a solid ma- 
terial into a supercritical fluid solution and then rapidly 
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expanding the solution to create particles of the marking 
material in the form of fine powders or long thin fibers, 
which may be used to make films. There is a problem 
with this method in that the free-jet expansion of the su- 
percritical fluid solution results in a non-co!limated/de- 5 
focused spray that cannot be used to create high reso- 
lution patterns on a receiver. Further, defocusing leads 
to losses of the marking material. 
[0010] As such, there is a need for a technology that 
permits high speed, accurate., and precise delivery of 10 
marking materials to a receiver to create high resolution 
images. There is also a need for a technology that per- 
mits delivery of ultra-small (nano-scale) marking mate- 
ria! particles of varying sizes to obtain gray scale. There 
is also a need for a technology that permits delivery of is 
solvent tree marking materials to a receiver. There is al- 
so a need for a technology that permits high speed, ac- 
curate, and precise imaging on a receiver having re- 
duced material agglomeration characteristics. 
[001 1 ] According to one feature of the present inven- 20 
tion : a printhead for delivering a solvent free marking 
materia! to a receiver includes a discharge device hav- 
ing an inlet and an outlet with a portion of the discharge 
device defining a delivery path. Additionally, a portion of 
the discharge device is adapted to be releasably con- 25 
nocted to a pressurized source of a thermodynamically 
stable mixture of a fluid and a marking material at the 
inlet The discharge device is shaped to produce a 
shaped beam of the marking material with the fluid being 
in a gaseous state at a location beyond the outlet of the 30 
discharge device. An actuating mechanism is posi- 
ticncd along the delivery path, and has a first position 
removed from the delivery path and a second position 
m the delivery path. 

[001 2] According to another feature of the present in- 35 
vcntion. a method of printing includes providing a pres- 
surized source of a thermodynamically stable mixture of 
a solvent and a marking material; connecting the pres- 
surized source of the thermodynamically stable mixture 
ol the solvent and the marking material to a printhead; *o 
positioning a receiver at a predetermined distance from 
the printhead; and causing the marking material to be- 
come tree of the solvent such that a solvent free marking 
material contacts the receiver. 

[001 3] According to another feature of the present in- 45 
vcntion. a printing apparatus includes a pressurized 
source of a thermodynamically slable mixture of a fluid 
and a marking material and a printhead. Portions of the 
printhead defining a delivery path with the delivery path 
of the printhead being connected to the pressurized so 
source. The printhead includes a discharge device, the 
discharge device has an outlet with a portion of the dis- 
charge device being positioned along the delivery path. 
The discharge device is shaped to produce a shaped 
beam of the marking material and the fluid is in a gase- 55 
ous state at a location beyond the outlet of the discharge 
device. An actuating mechanism is positioned along the 
delivery path and has an open position at least partially 
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removed from the delivery path. 

[0014] In the detailed description of the preferred em- 
bodiments of the invention presented below, reference 
is made to the accompanying drawings, in which: 

FIG. 1 is a schematic view of a first embodiment 
made in accordance with the present invention; 
FIGS. 2-5 are schematic views of alternative em- 
bodiments made in accordance with the present in- 
vention; 

FIGS. 6A-7B are schematic views of a discharge 
device and an actuating mechanism made in ac- 
cordance with the present invention; and 
FIGS. 8 and 9 are schematic views of alternative 
embodiments made in accordance with the present 
invention. 

[0015] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or described may take various forms well 
known to those skilled in the art. Additionally, materials 
identified as suitable for various facets of the invention, 
for example, marking materials, solvents, equipment, 
etc. are to be treated as exemplary, and are not intended 
to limit the scope of the invention in any manner. 
[0016] Referring to FIGS. 1-6, a printing apparatus 20 
is shown. The printing apparatus 20 includes a marking 
material delivery system 22 and a receiver retaining de- 
vice 24. The marking material delivery system has a 
pressurized source of a thermodynamically stable mix- 
ture of a fluid and a marking material, herein after re- 
ferred to as a formulation reservoir(s) 1 02a, 1 02b, 1 02c, 
connected in fluid communication to a delivery path 26 
at least partially formed in/on a printhead 1 03. The print- 
head 103 includes a discharge device 105 positioned 
along the delivery path 26 configured (as discussed be- 
low) to produce a shaped beam of the marking material. 
An actuating mechanism 104 is also positioned along 
the delivery path 26 and is operable to control delivery 
of the marking material though the printhead 103. 
[0017] The formulation reservoir(s) 102a, 102b, 102c 
is connected in fluid communication to a source of fluid 
100 and a source of marking material 28 (shown with 
reference to formulation reservoir 102c in FIG. 1 ). Alter- 
natively, the marking material can be added to the for- 
mulation reservoir(s) 102a, 102b, 102c through a port 
30 (shown with reference to formulation reservoir 1 02a 
in FIG. 1). 

[0018] One formulation reservoir 1 02a, 102b, or 102c 
can be used when single color printing is desired. Alter- 
natively, multiple formulation reservoirs 102a, 102b, or 
1 02c can be used when multiple color printing is desired. 
When multiple formulation reservoirs 102a, 102b, 102c 
are used, each formulation reservoir 102a, 102b, 102c 
is connected in fluid communication through delivery 
path 26 to a dedicated discharge device(s) 1 05. One ex- 
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ample of this includes dedicating a first row of discharge 
devices 1 05 to formulation reservoir 1 02a; a second row 
of discharge devices 105 to formulation reservoir 102b: 
and a third row of discharge devices to formulation res- 
ervoir 102c. Other formulation reservoir discharge de- 
vice combinations exist depending on the particular 
printing application. 

[0019] A discussion of illustrative embodiments fol- 
lows with like components being described using like 
reference symbols. 

[0020] Referring to FIG. 1, a first embodiment is 
shown. The printhead 103 which includes at least one 
discharge device 105 and at least one actuating mech- 
anism 1 04 remains stationary during operation. Howev- 
er, the printhead 103 can maintain a limited movement 
capability as is required to dither the image (typically 
from one to two pixels in length). A receiver 106 posi- 
tioned on a receiver holder 1 07 moves in a first direction 
32 and a second direction 34. Typically, the second di- 
rection 34 is substantially perpendicular to the first di- 
rection 32. The two directional motion of receiver 1 06 
can be achieved by using a receiver retaining device 24 
having a first motorized translation stage 1 08 positioned 
over a second motorized translation stage 109. 
[0021] In this embodiment, the printhead 103 can be 
connected to the formulation reservoir(s) 102a, 102b, 
1 02c using essentially rigid, inflexible tubing 1 01 . As the 
marking material delivery system is typically under high 
pressure from the supercritical fluid source 1 00, through 
tubing 101 and the formulation reservoirs 102 a, 102b, 
102c. to the actuating mechanism 104, the tubing 101 
can have an increased wall thickness which helps to 
maintain a constant pressure through out the marking 
material delivery system 22. 

[0022] Referring to FIG. 2, a second embodiment is 
shown. In this embodiment the receiver retaining device 
24 is a roller 112 that provides one direction of motion 
36 for a receiver 11 while the printhead 103 translates 
in a second direction 38. Rigid tubing 101 connects the 
supercritical fluid source 1 00 to the formulation reservoir 
(s) 102a, 102b, 102c. However, the printhead 103 is 
connected to the formulation reservoir(s) 102a. 102b. 
1 02c by a flexible high pressure tube(s) 1 1 0. A suitable 
flexible hose can be, for example, a Titeflex extra high 
pressure hose P/N R157-3 (0.110 inside diameter, 4000 
psi rated with a 2in bend radius) commercially available 
from Kord Industrial, Wixom, Ml. The supercritical fluid 
source 100 is remotely positioned relative to the print- 
head 103. 

[0023] In a multiple color printing operation, for exam- 
ple Cyan, Magenta, and Yellow color printing, each color 
is applied in a controlled manner through the actuating 
mechanisms 104 and discharge devices 105 of print- 
head 103 as the printhead 103 translates in second di- 
rection 38. The printhead 1 03 has at least one discharge 
device 103 dedicated to each predetermined color. 
Then, the roller 1 1 2 increments the flexible receiver 1 1 1 
in the first direction 36 by a small amount. The printhead 



103 then translates back along second direction 38 
printing the next line. For adequate printhead position 
accuracy, the printing apparatus 20 typically includes a 
feedback signal, often created, for example, by a linear 
5 optical encoder (not shown). 

[0024] Referring to FIG. 3, a third embodiment is 
shown. In this embodiment, the marking material deliv- 
ery system 22 includes a supercritical fluid source 115 
positioned on the printhead 1 03. The supercritical fluid 
io source 1 1 5 is in fluid communication with the formulation 
reservoir(s) 102a, 102b, 102c through delivery path(s) 
40 located on or in the printhead 103. The formulation 
reservoir(s) 102a, 102b, 102c are connected in fluid 
communication with the discharge device(s) 105 
J 5 through delivery path(s) 26 positioned on or in the print- 
head 103. 

[0025] The supercritical fluid source 1 00 is connected 
to a docking station 113 which mates with a recharging 
port 114 of the supercritical fluid source 115 located on 
20 the printhead 1 03. This allows the supercritical fluid con- 
tained in the supercritical fluid source 115 located on the 
printhead 103 to be replenished as is required during a 
printing operation. Recharging can occur in a variety of 
situations, for example, recharging can occur when a 
25 predetermined remaining pressure or weight of the su- 
percritical fluid source 1 1 5 is detected; after a known vol- 
ume of supercritical fluid has been discharged; at any 
convenient time during the printing process; etc. The 
clocking station 113 is supplied with supercritical fluid 
30 from a supercritical fluid source 1 00 through rigid tubing 
101 . However, flexible tubing 110 can be used. 
[0026] The source or marking material 28 can also be 
connected to a docking station 113 which mates with a 
recharging port 114 of the formulation reservoir(s) 102a, 
35 102b, 102c (shown in phantom in FIG. 3). This allows 
the marking material contained in the formulation reser- 
voirs) 102a, 102b, 102c located on the printhead 103 
to be replenished as is required during a printing oper- 
ation. Depending on the number of formulation reservoir 
40 ( S ) 102a, 102b, 102c, multiple docking stations 113 and 
recharging ports 114 can be included. 
[0027] Referring to FIG. 4, the receiver retaining de- 
vice 24 includes a spinning drum 113. Typically, the spin- 
ning drum 1 1 6 provides taster translations than are pos- 
45 sible with the feed roller 112 (shown in FIG. 2) which 
increases the overall printing speed of the printing ap- 
paratus 20. The supercritical fluid source 1 00, rigid tub- 
ing 101 , formulation reservoir(s) 1 02a, 1 02b, 102c, flex- 
ible tubing 110, printhead 103, actuating mechanisms 
50 1 04 and discharge devices 105 operate as described 
with reference to FIG. 2. 

[0028] In operation, the spinning drum 116 typically 
completes at least on revolution in the first direction 36 
prior to translating the printhead 103 in the second di- 
55 rection 38. As such, the printhead 103 does not have to 
translate back and forth along the second direction 38 
during the printing operation. In this embodiment, it is 
possible to maintain a high rate of relative motion be- 
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tween the flexible receiver 117 and the printhead 103 
because the printhead 1 03 typically makes a single pass 
along second direction 38 during printing. 
[0029] In FIG. 4, the receiver 11 7 is positioned on an 
exterior surface 42 of the drum 1 1 6. Referring to FIG. 5, 5 
a receiver 118 is positioned on an interior surface 44 of 
the drum 116. In this embodiment, the printhead 103 
translates slowly along the length of the interior of the 
drum 116 in the second direction 38. 

[0030] Alternatively, as the movement of the print- 10 
head 1 03 in the second direction 38 is typically slow (as 
compared to the speed of rotation of the drum 116), the 
marking material delivery system 22 described with ref- 
erence to FIG. 3 can be substituted for the marking ma- 
terial delivery system 22 described with reference to 15 
FIGS. 4 and 5. Additionally, the drum 116 can also be 
translated in the second direction 38 while the printhead 
103 remains stationary for some applications. Again, 
this is because of the typically slow movement in the 
second direction as compared to the speed of rotation 20 
of the drum 1 1 6. In this application, the marking material 
delivery system described with reference to FIG. 1 can 
be substituted for the marking material delivery system 
22 described with reference to FIGS. 4 and 5. 
[0031] These embodiments are described as exam- 25 
pies of possible ways of achieving desired relative 
movements of the printhead 103 and the receiver 106, 
117 : 118. However, it is recognized that there are other 
possible ways to achieve relative motion of the print 
head 103 and the receiver 106, 117, 118. 30 
[0032] Referring to FIGS. 6A- 7B. the discharge de- 
vice 105 of the print head 103 includes a first variable 
area section 11 8 followed by a first constant area section 
120. A second variable area section 122 diverges from 
constant area section 120 to an end 124 of discharge 35 
device 1 05. The first variable area section 1 1 8 converg- 
es to the first constant area section 120. The first con- 
stant area section 118 has a diameter substantially 
equivalent to the exit diameter of the first variable area 
section 1 20. Alternatively, discharge device 1 05 can al- *o 
so include a second constant area section 125 posi- 
tioned after the variable area section 1 22. Second con- 
stant area section 125 has a diameter substantially 
equivalent to the exit diameter of the variable area sec- 
tion 122. Discharge devices 105 of this type are com- 45 
mercially available from Moog, East Aurora, New York; 
Vindum Engineering Inc., San Ramon, California, etc. 
[0033] The actuating mechanism 104 is positioned 
within discharge device 105 and moveable between an 
open position 126 and a closed position 128 and has a so 
sealing mechanism 130. In closed position 128, the 
sealing mechanism 1 30 in the actuating mechanism 1 04 
contacts constant area section 120 preventing the dis- 
charge of the thermodynamically stable mixture of su- 
percritical fluid and marking material. In open position 55 
126, the thermodynamically stable mixture of supercrit- 
ical fluid and marking material is permitted to exit dis- 
charge device 105. 



[0034] The actuating mechanism 1 04 can also be po- 
sitioned in various partially opened positions depending 
on the particular printing application, the amount of ther- 
modynamically stable mixture of fluid and marking ma- 
terial desired, etc. Alternatively, actuating mechanism 
104 can be a solenoid valve having an open and closed 
position. When actuating mechanism 104 is a solenoid 
valve, it is preferable to also include an additional posi- 
tion controllable actuating mechanism to control the 
mass flow rate of the thermodynamically stable mixture 
of fluid and marking material. 

[0035] In a preferred embodiment of discharge device 
105, the diameter of the first constant area section 120 
of the discharge device 105 ranges from about 20 mi- 
crons to about 2,000 microns. In a more preferred em- 
bodiment, the diameter of the first constant area section 
120 of the discharge device 105 ranges from about 10 
microns to about 20 microns. Additionally, first constant 
area section 120 has a predetermined length from about 
0.1 to about 10 times the diameter of first constant area 
section 120 depending on the printing application. Seal- 
ing mechanism 130 can be conical in shape, disk 
shaped, etc. 

[0036] Referring back to FIGS. 1-5, the marking ma- 
terial delivery system 22 takes a chosen solvent and/or 
predetermined marking materials to a compressed liq- 
uid and/or supercritical fluid state, makes a solution and/ 
or dispersion of a predetermined marking material or 
combination of marking materials in the chosen com- 
pressed liquid and/or supercritical fluid, and delivers the 
marking materials as a collimated and/or focused beam 
onto a receiver 1 06 in a controlled manner. In a preferred 
printing application, the predetermined marking materi- 
als include cyan, yellow and magenta dyes or pigments. 
[0037] In this context, the chosen materials taken to 
a compressed liquid and/or supercritical fluid state are 
gases at ambient pressure and temperature. Ambient 
conditions are preferably defined as temperature in the 
range from-100 to +100 °C, and pressure in the range 
from 1x10* 8 - 1000 atm for this application. 
[0038] A supercritical fluid carrier, contained in the su- 
percritical fluid source 100, is any material that dis- 
solves/solubilizes/disperses a marking material. The 
supercritical fluid source 100 delivers the supercritical 
fluid carrier at predetermined conditions of pressure, 
temperature, and flow rate as a supercritical fluid, or a 
compressed liquid. Materials that are above their critical 
point, as defined by a critical temperature and a critical 
pressure, are known as supercritical fluids. The critical 
temperature and critical pressure typically define a ther- 
modynamic state in which a fluid or a material becomes 
supercritical and exhibits gas like and liquid like proper- 
ties. Materials that are at sufficiently high temperatures 
and pressures below their critical point are known as 
compressed liquids. Materials in their supercritical fluid 
and/or compressed liquid state that exist as gases at 
ambient conditions find application here because of 
their unique ability to solubilize and/or disperse marking 
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materials of interest when in their compressed liquid or 
supercritical state. 

[0039] Fluid carriers include, but are not limited to, 
carbon dioxide, nitrous oxide, ammonia, xenon, ethane, 
ethylene, propane, propylene, butane, isobutane, chlo- 
rotrifluoromethane, monofluoromethane, sulphur hex- 
afluoride and mixtures thereof. In a preferred embodi- 
ment, carbon dioxide is generally preferred in many ap- 
plications, due its characteristics, such as low cost, wide 
availability, etc. 

[0040] The formulation reservoir(s) 102a s 102b, 102c 
in FIG. 1 is utilized to dissolve and/or disperse prede- 
termined marking materials in compressed liquids or su- 
percritical fluids with or without dispersants and/or sur- 
factants, at desired formulation conditions of tempera- 
ture, pressure, volume, and concentration. The combi- 
nation of marking materials and compressed liquid/su- 
percritical fluid is typically referred to as a mixture, for- 
mulation, etc. 

[0041] The formulation reservoir(s) 102a, 102b, 102c 
in FIG. 1 can be made out of any suitable materials that 
can safely operate at the formulation conditions. An op- 
erating range from 0.001 atmosphere (1 .013 x 10 2 Pa) 
to 1000 atmospheres (1.013 x 10* Pa) in pressure and 
from -25 degrees Centigrade to 1 000 degrees Centi- 
grade is generally preferred. Typically, the preferred ma- 
terials include various grades of high pressure stainless 
steel. However, it is possible to use other materials if the 
specific deposition or etching application dictates less 
extreme conditions of temperature and/or pressure. 
[0042] The formulation reservoir(s) 102a, 102b, 102c 
in FIG. 1 should be adequately controlled with respect 
to the operating conditions (pressure, temperature, and 
volume). The solubility/dispersibility of marking materi- 
als depends upon the conditions within the formulation 
reservoir(s) 102a, 102b, 102c. As such, small changes 
in the operating conditions within the formulation reser- 
voirs) 1 02a, 102b, 102c can have undesired effects on 
marking material solubility/dispensability. 
[0043] Additionally, any suitable surfactant and/ordis- 
persant material that is capable of solubilizing/dispers- 
ing the marking materials in the compressed liquid/su- 
percritical fluid for a specific application can be incorpo- 
rated into the mixture of marking material and com- 
pressed liquid/supercritical fluid. Such materials in- 
clude, but are not limited to, fluorinated polymers such 
as perfluoropolyelher, siloxane compounds, etc. 
[0044] The marking materials can be controllably in- 
troduced into the formulation reservoir(s) 102a. 102b, 
102c. The compressed liquid/supercritical fluid is also 
controllably introduced into the formulation reservoir(s) 
102a, 102b, 102c. The contents of the formulation res- 
ervoirs) 102a, 102b, 102c are suitably mixed, using a 
mixing device to ensure intimate contact between the 
predetermined imaging marking materials and com- 
pressed liquid/supercritical fluid. As the mixing process 
proceeds, marking materials are dissolved or dispersed 
within the compressed liquid/supercritical fluid. The 



process of dissolution/dispersion, including the amount 
of marking materials and the rate at which the mixing 
proceeds, depends upon the marking materials itself, 
the particle size and particle size distribution of the 
5 marking material (if the marking material is a solid), the 
compressed liquid/supercritical fluid used, the temper- 
ature, and the pressure within the formulation reservoir 
(s) 102a, 102b, 102c. When the mixing process is com- 
plete, the mixture or formulation of marking materials 
10 and compressed liquid/supercritical fluid is thermody- 
namically stable/metastable, in that the marking mate- 
rials are dissolved or dispersed within the compressed 
liquid/supercritical fluid in such a fashion as to be indef- 
initely contained in the same state as long as the tern- 
's perature and pressure within the formulation chamber 
are maintained constant. This state is distinguished 
from other physical mixtures in that there is no settling, 
precipitation, and/or agglomeration of marking material 
particles within the formulation chamber, unless the 
& thermodynamic conditions of temperature and pressure 
within the reservoir are changed. As such, the marking 
material and compressed liquid/supercritical fluid mix- 
tures or formulations of the present invention are said 
to be thermodynamically stable/metastable. This ther- 
ms modynamically stable/metastable mixture or formula- 
tion is controllably released from the formulation reser- 
voirs) 102a, 102b, 102c through the discharge device 
105 and actuating mechanism 104. 
[0045] During the discharge process, the marking ma- 
30 terials are precipitated from the compressed liquid/su- 
percritical fluid as the temperature and/or pressure con- 
ditions change. The precipitated marking materials are 
preferably directed towards a receiver 1 06 by the dis- 
charge device 105 through the actuating mechanism 
35 1 04 as a focussed and/or collimated beam. The inven- 
tion can also be practiced with a non-collimated or di- 
vergent beam provided that the diameter of first con- 
stant area section 1 20 and printhead 1 03 to receiver 1 06 
distance are appropriately small. For example, in a dis- 
<*o charge device 105 having a 10um first constant area 
section 120 diameter, the beam can be allowed to di- 
verge before impinging receiver 1 06 in order to produce 
a printed dot size of about 60um (a common printed dot 
size for many printing applications). Discharge device 
45 1 05 diameters of these sizes can be created with mod- 
ern manufacturing techniques such as focused ion 
beam machining, MEMS processes, etc. 
[0046] The particle size of the marking materials de- 
posited on the receiver 1 05 is typically in the range from 
50 1 00 nanometers to 1 000 nanometers. The particle size 
distribution may be controlled to be uniform by control- 
ling the rate of change of temperature and/or pressure 
in the discharge device 105, the location of the receiver 
106 relative to the discharge device 105, and the ambi- 
55 ent conditions outside of the discharge device 1 05. 
[0047] The print head 103 is also designed to appro- 
priately change the temperature and pressure of the for- 
mulation to permit a controlled precipitation and/or ag- 
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gregation of the marking materials. As the pressure is 
typically stepped down in stages, the formulation fluid 
flow is self-energized. Subsequent changes to the for- 
mulation conditions (a change in pressure, a change in 
temperature., etc.) result in the precipitation and/or ag- 
gregation of the marking material, coupled with an evap- 
oration of the supercritical fluid and/or compressed liq- 
uid. The resulting precipitated and/or aggregated mark- 
ing material deposits on the receiver 106 in a precise 
and accurate fashion. Evaporation of the supercritical 
fluid and/or compressed liquid can occur in a region lo- 
cated outside of the discharge device 1 05. Alternatively, 
evaporation of the supercritical fluid and/or compressed 
liquid can begin within the discharge device 105 and 
continue in the region located outside the discharge de- 
vice 105. Alternatively, evaporation can occur within the 
discharge device 105. 

[0048] A beam (stream, etc.) of the marking material 
and Ihe supercritical fluid and/or compressed liquid is 
formed as the formulation moves through the discharge 
device 1 05. When the size of the precipitated and/or ag- 
gregated marking materials is substantially equal to an 
exit diameter of the discharge device 105, the precipi- 
tated and/or aggregated marking materials have been 
collimated by the discharge device 105. When the sizes 
of the precipitated and/or aggregated marking materials 
are less than the exit diameter of the discharge device 
105 } the precipitated and/or aggregated marking mate- 
rials have been focused by the discharge device 105. 
[0049] The receiver 106 is positioned along the path 
such that the precipitated and/or aggregated predeter- 
mined marking materials are deposited on the receiver 
1 06. The distance of the receiver 1 06 from the discharge 
device 105 is chosen such that the supercritical fluid 
and/or compressed liquid evaporates from the liquid 
and/or supercritical phase to the gas phase prior to 
reaching the receiver 106. Hence, there is no need for 
a subsequent receiver drying processes. Alternatively, 
the receiver 106 can be electrically or electrostatically 
charged, such that the location of the marking material 
in the receiver 106 can be controlled. 
[0050] It is also desirable to control the velocity with 
which individual particles of the marking material are 
ejected from the discharge device 1 05. As there is a siz- 
able pressure drop from within the printhead 103 to the 
operating environment, the pressure differential con- 
verts the potential energy of the printhead 103 into ki- 
netic energy that propels the marking material particles 
onto the receiver 1 06. The velocity of these particles can 
be controlled by suitable discharge device 1 05 with an 
actuating mechanism 1 04. Discharge device 1 05 design 
and location relative to the receiver 106 also determine 
the pattern of marking material deposition. 
[0051] The temperature of the discharge device 105 
can also be controlled. Discharge device temperature 
control may be controlled, as required, by specific ap- 
plications to ensure that the opening in the discharge 
device 105 maintains the desired fluid flow characteris- 



tics. 

[0052] The receiver 1 06 can be any solid material, in- 
cluding an organic; an inorganic, a metallo-organic, a 
metallic, an alloy, a ceramic, a synthetic and/or natural 

5 polymeric, a gel, a glass, or a composite material. The 
receiver 1 06 can be porous or non-porous. Additionally, 
the receiver 106 can have more than one layer. The re- 
ceiver 106 can be a sheet of predetermined size. Alter- 
nately, the receiver 106 can be a continuous web. 

10 [0053] Referring back to FIGS. 1 -5, in addition to mul- 
tiple color printing, additional marking material can be 
dispensed through printhead 1 03 in order to improve 
color gamut, provide protective overcoats, etc. When 
additional marking materials are included check valves 

'5 and printhead design help to reduce marking material 
contamination. 

[0054] Referring to FIG. 8, a premixed tank(s) 124a, 
124b, 124c, containing premixed predetermined mark- 
ing materials and the supercritical fluid and/or com- 

20 pressed liquid are connected in fluid communication 
through tubing 11 0 to printhead 1 03. The premixed tank 
(s) 124a, 124b, 124c can be supplied and replaced ei- 
ther as a set 1 25, or independently in applications where 
the contents of one tank are likely to be consumed more 

25 quickly than the contents of other tanks. The size of the 
premixed tank(s) 124a, 124b, 124c, can be varied de- 
pending on anticipated usage of the contents. The 
premixed tank(s) 1 24a, 1 24b, 1 24c are connected to the 
discharge devices 105 through delivery paths 26. When 

30 multiple color printing is desired, the discharge devices 
105 and delivery paths 26 are dedicated to a particular 
premixed tank(s) 124a, 124b, 124c. 
[0055] Referring to FIGS. 9A and 9B, another embod- 
iment describing premixed canisters containing prede- 

35 termined marking materials is shown. Premixed canister 
(s) 137a, 137b, 137c is positioned on the printhead 103. 
When replacement is necessary, premixed canister 
137a, 137b, 137c can be removed from the printhead 
103 and replaced with another premixed canister(s) 

40 137a, 137b, 137c. 

[0056] Each of the embodiments described above 
can be incorporated in a printing network for larger scale 
printing operations by adding additional printing appa- 
ratuses on to a networked supply of supercritical fluid 

45 and marking material. The network of printers can be 
controlled using any suitable controller. Additionally, ac- 
cumulator tanks can be positioned at various locations 
within the network in order to maintain pressure levels 
throughout the network. 

so [0057] The invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof : but it will be understood that variations and 
modifications can be effected within the scope of the in- 
vention. 

55 
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Claims 

1. A printing apparatus comprising: 



a pressurized source (102a, or 102b or 102c) 
of a thermodynamically stable mixture of a fluid 
and a marking material; 

a printhead (103), portions of the printhead de- 
fining a delivery path (26), the delivery path of 
the printhead being connected to the pressu- 
rized source, the printhead including a dis- 
charge device (1 05), the discharge device hav- 
ing an outlet, a portion of the discharge device 
being positioned along the delivery path, the 
discharge device being shaped to produce a 
shaped beam of the marking material, the fluid 
being in a gaseous state at a location beyond 
the outlet of the discharge device; and 
an actuating mechanism (104) positioned 
along the delivery path, the actuating mecha- 
nism having an open position at least partially 
removed from the delivery path. 

The printing apparatus according to Claim 1 , further 
comprising: 

a receiver retaining device (24) positioned a 
predetermined distance from the outlet of the 
discharge device. 

The printing apparatus according to Claim 2, where- 
in the printhead is rigidly connected to the pressu- 
rized source such that the printhead is stationary, 
the receiver retaining device being moveably posi- 
tioned relative to the printhead. 

The printing apparatus according to Claim 2, where- 
in the printhead is flexibly connected to the pressu- 
rized source, the printhead being moveable in at 
least a first direction, the receiver retaining device 
being moveably positioned relative to the printhead. 
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trollable actuating mechanism. 

9. A method of printing comprising: 

providing a pressurized source of a thermody- 
namically stable mixture of a solvent and a 
marking material; 

connecting the pressurized source of the ther- 
modynamically stable mixture of the solvent 
and the marking material to a printhead; 
positioning a receiver at a predetermined dis- 
tance from the printhead; and 
causing the marking material to become free of 
the solvent such that a solvent free marking ma- 
terial contacts the receiver. 

10. The method according to Claim 9 : further compris- 
ing dithering the printhead. 



5. The printing apparatus according to Claim 2, where- 
in the printhead is releasably connected to the pres- 
surized source 45 

6. The printing apparatus according to Claim 2, where- 
in the receiver retaining device is rotatably posi- 
tioned at a predetermined distance from the outlet 

of the discharge device. so 

7. The printing apparatus according to Claim 1 , where- 
in the pressurized source of the thermodynamically 
stable mixture of the fluid and the marking material 

is positioned on the printhead. 55 

8. The printing apparatus according to Claim 1 , where- 
in the actuating mechanism includes a position con- 
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